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heated to 1 20 °C until stable pressure. The reactor was maintained at a slightly 
positive pressure. In succession, 125 ml of prepurified propylene was added under 
stirring. The reactor mixture was heated to 120 °C. At this reactor temperature, 
1.5 ml of the premixed and preactivated catalyst solution was carmulated into the 
reactor using nitrogen. The catalyst solution consists of 32 mg of 
dime^ylsUyl(tetramemylcyclopentadienyl)(cyclododecylarmdo)titaniu^ 
dimethyl, 1.9 mg of rac-dimemylsilylbis(2-memyl^phenylmdenyl)2ircomum 
dimethyl, and 1.6 mg of dimethylsilylbis(indenyl)hafhium dimethyl, and 62.1 mg 
of N,N-dime%lamlinium tetrakis(pentafluorophenyl)borate were dissolved in 50 
ml of toluene. The polymerization was conducted for 1 5 minutes. Thereafter, the 
reactor was cooled down and vented to the atmosphere. The resulting mixture, 
containing mostly solvent, polymer and unreacted monomers, was collected in a 
collection box and first air-dried in a hood to evaporate most of the solvent, and 
then dried in a vacuum oven at a temperature of about 90 °C for about 12 hours. 
The resulting polymer (1 2.79 grams) showed a peak crystallization temperature by 
DSC of 102.9 °C, a glass transition (Tg) of -8.7 °C, and a heat of fusion of 51 .9 
J/g. The average molecular weights, Mn/Mw/Mz, are 33825/66387/267680. 

Example 73-75 (comparative') 

[00336] Three samples were made with rac-dimethylsilylbis(2-methyl-4- 
phenylindenyl) zirconium dimethyl or dimethylsilyl(tetramethylcyclopentadienyl) 
(cyclododecylamido) titanium dimethyl, following the general procedure 
described above except that only one catalyst was used. Rac-dimethylsilylbis(2- 
memyl-4-phenylindenyl) zirconium dimethyl was used to make isotactic 
polypropylene, while dimethylsilyl(tetramethylcyclopentadienyI) 
(cyclododecylamido) titanium dimethyl was used to make amorphous 
polypropylene. The experimental conditions and viscosity of polymer samples are 
presented in Table 15. 
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Table 15 


Example 


73 


74 


75 


Catalyst 


A 


A 


B 


Catalyst feed rate (mol/min) 


5.08E-06 


5.08E-06 


5.67E-07 


Propylene feed rate (g/min) 


14 


14 


14 


Hexane feed rate(ral/min) 


90 


90 


90 


Polymerization temperature (°C) 


130 


125 


110 


Viscosity (cps) @190°C 


1132 


2220 


328 


Catalyst 




rtamido)titam 


lm dimethyl 


B = rac-dimethylsilyl bis(2-methyl-4-phenylkdenyl) zirconium dimethyl 



[00337] Several samples from the preceding experiments were analyzed to 
determine their level of branching. For the purposes of this invention, the degree 
of branching is determined using the value of branching index g' at the molecular 
weight of Mz of the branched polymer. The results are presented in Tables 1 to 
13. 

[00338] Samples described in Example 4 and Examples 3 1 -34 were 
fractionated using solvent extraction. The results are presented in Table 16. 
Selected fractionated fractions were analyzed using GPC-DRI-VIS-LS and DSC. 
The results from these analyses are also presented in Table 17. The complex 
viscosity profiles of the fractionated fraction from sample described in Example 
31 were measured over the temperature range of 80 to 130 °C, are shown in Figure 
5. 

[00339] The sample described in Example 4 and its fractions extracted from 
solvent extraction were analyzed using 13 C NMR. 

[00340] Percent mm triad is measured directly from the C-13 NMR 
spectrum; it is assumed that the level of mm triad in the mixture depends only on 
the amounts of aPP and scPP ("atactic polypropylene and semi-crystallme 
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polypropylene, respectively") components in the sample. By knowing the tacticity 
(mm) level of the pure aPP and scPP components the proportion of each can be 
calculated that corresponds to the observed mm level in the mixture. The values 
shown below show the percentage of isotatic triads on a whole, unfractionated 
polymer as well as the three fractions. The calculated data are generated by using 
the assumption that the isotactic and atactic reference polymers are indicative of 
the tacticities that are in the blocky polymer segments. Using the methyl triad 
region it is calculated that the isotactic reference polymer has 94.7% mm and the 
atactic reference contains 13.6%. 

Sample %mm % Calculated Isotactic Polymer 

Unfractionated Polymer 68 66 
Hexane Soluble 16 around 2% 

Heptane Soluble 76 76 

Heptane Insoluble 89 93 



Table 16 


Samples 


Example 3 1 


Example 33 


Example 32 


Example 34 


Hexane room temperature solubles, 
wt.% 


29.17 


42.52 


55.39 


74.4 


Soxhlet hexane soluble, wt. % 


25.14 


15.17 


10.55 


6.93 


Soxhlet heptane soluble, wt % 


7.88 


7.1 


8.53 


0.44 


Soxhlet heptane insoluble, wt.% 


35.32 


35 


25.15 


17.8 
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Table 17 


Example 4 




Hexane room 
temperature 
solubles 


Heptane soxhlet 
solubles 


Heptane soxhlet 
insolubles 




Mn (kg/mol) 


6.6 


10.3 


16.5 




Mw(kg/mol) 


14.3 


30.2 


31.3 




Mz (kg/mol) 


32.2 


58.5 


53.2 




g'@Mz 


1.16 


0.86 


0.87 




Tc(°Q 




105.2 


112.8 




Tm (°C) 




138.2 


145.2 




Tg(°C) 


-11.1 








Heat of fusion (J/g) 


0.0 


68.6 


108.9 






Example 31 




Hexane room 
solubles 


Soxhlet hexane 
solubles 


Soxhlet heptane 
solubles 


Soxhlet heptane 
insolubles 


Ma (kg/mol) 


9.5 


20.9 


20.1 


20.8 


Mw (kg/mol) 


12.7 


48 


56.3 


47.4 


Mz (kg/mol) 


25 


131.5 


148.8 


150.2 


g'@Mz 


1.08 


0.68 


0.64 


0.63 


Tc(°C) 




93.3 


101.4 


105.2 


Tm (°C) 




128.2 


133.5 


138.3 


Tg(°C) 


-11.8 


-8.3 






Heat of fusion (J/g) 


0.0 


52.5 


66.1 


70.7 



[00341] The viscosity of products of Examples 12, 22 and 49 were 
measured over a temperature range of 80 to 130 °C. The complex viscosity 
profiles are shown in Figure 1 . These data demonstrate the three-zone 
characteristics described above. 



[00342] Selected samples and their blends were tested for adhesive 
performance. The pure polymers were compounded with tackifiers, oil or wax 
and stabilizer to form hot melt adhesive blends. The properties of these polymers 
and their blends were tested against typical commercially available EVA blends 
from Henkel and Chief. The blending was carried out under low shear at elevated 
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temperature to form fluid melts. Hie mixing temperatures vary from about 130 to 
190 °C. 

[00343] Escorez™ 5637 is a hydrogenated aromatic modified resin 
produced from dicyclopentadiene feedstock, exhibiting a ring and ball softening 
point of 130°C available from ExxonMobil Chemical Company in Houston, 
Texas. 

[00344] Paraflint H-l is a Fisher-Tropsch wax exhibiting a molten viscosity 
of 1 0 mPa sec at 250 F, available from Moore and Munger. 

[00345] Aristowax 1 65 is a refined paraffin wax available from Frank B 
Ross Co in Jersey City New Jersey. It is isolated from petroleum and has a melt 
point of 158 to 165 F. 

[00346] Henkel Hot Melt 80-8368 is a commercial hot melt made from a 
blend of EVA's, tackifiers, and wax available from Henkel Corp. 

[00347] MAPP 40 is a maleic anhydridemodified polypropylene, having an 
acid number of 50, a viscosity of 300 cps at 190 0 C, a softening point of 149 ° C, 
available from Chusei, USA. 

[00348] Chief Hot Melt 268 is a commercial hot melt made from EVA, 
tackifiers, and wax available from Chief Adhesives. 

[00349] KAYDOL® is a highly refined white rmneral oil that consists of 
saturated aliphatic and alicyclic non-polar hydrocarbons having a pour point of - 
20°C, having a kinematic viscosity of 64 to 70 cSt at 40°C, available from Witco. 

[00350] Licomont AR 504 is a maleic anhydride grafted polypropylene wax 
having an acid number of 41, a viscosity of 373mPas at 190° C, and a softening 
point of 1 56 °C available from Clarient 
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[00351] AC 540 is an ethylene acrylic acid copolymer having an acid 
number of 40, a viscosity of 575 at 140 °C and a drop point of 105 °C available 
from Honeywell. 

[00352] Polywax 2000 is a Polyethylene wax available from Baker Petrolite 
Plain BOPP (biaxially oriented polypropylene film) a 28 micron thick film was 
obtained from Mobil Films. 

[00353] Corona treated BOPP (biaxially oriented polypropylene film) a 28 
micron thick film was obtained from Mobil Films. 

(00354] Paperboard 84A is gray Poster Board 20 pt chipboard with 20% 
recycle fiber available from Huckster packaging and supply, Inc. in Houston, 
Texas. 

[00355] Paperboard 84B is generic poster board clay coated news print 
available from Huckster packaging and supply, Inc. in Houston, Texas. 

[00356] Cardboard 84C is generic corrugated cardboard 200 # stock 
available from Huckster packaging and supply, Inc. in Houston, Texas. 



Tradename | Description | Source 


Tackifiers 


Escorez® 1102RM 


C5tackifier 


ExxonMobil Chemical Company 


Escorez® 2203 


is a low aromatic modified 
hydrocarbon resin having a 
narrow molecular weight 

of C5, C6 and C9 olefins and di- 
olefins, having a ring and ball 
softening point of about 95°C 


ExxonMobil Chemical Company 


Escorez® 2393 


is a highly aromatic modified 
hydrocarbon resin produced from 
a feed of C5, C6 and C9 olefins 
and di-olefins, having a ring and 
ball softening point of about 
93"C 


ExxonMobil Chemical Company 


Escorez® 2596 


is a low aromatic modified 
hydrocarbon resin having a broad 
molecular weight distribution 
produced from a feed of C5, C6 


ExxonMobil Chemical Company 
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and C9 olefins and di-olefins, 
having a ring and ball softening 
point of about 96 C C 




Escorez® 5637 


is a hydrogenated aromatic 
modified resin produced from 
dicyclopentadiene feedstock, 
exhibiting a ring and ball 
softening point of 130°C 


ExxonMobil Chemical Company 


Escorez® 5690 


is a hydrogenated aromatic 
modified resin produced from 
dicyclopentadiene feedstock, 
exhibiting a ring and ball 
softening point of 130°C 


ExxonMobil Chemical Company 


Oils 


Primol352 


Hydrogenated paraffinic oil 


ExxonMobil Chemical Company 


Primol 876 


Napthenic oils 


ExxonMobil Chemical Company 


Flexon 876 


Napthenic oils 


ExxonMobil Chemical Company 


Kadol oil 


Refined white mineral oil 


Witco 


Polymers / Adhesives 


EscoreneUL7720 


Is an ethylene vinylacetate 
copolymer, having about 29 
weight % vinyl acetate and a melt 
index of 150 dg/min. 


ExxonMobil Chemical Company 


NSC Easymelt 


Hot melt adhesive for non- 
woven applications. 


National Starch, Bound Brook, 
NJ 


Henkel Hot Melt 80-8368 


Commercial adhesive of EVA, 
tackifier, and wax 


Henkel Corp 


Chief Hot Melt 268 


Commercial adhesive of EVA, 
tackifier, and wax 


Chief Adhesives 


Advantra9250 


Commercial adhesive of 
ethylene/octene-l metallocene 
polymers, tackifiers, and wax 


Fuller 


Tite Bond Wood Ghie 


Water based adhesive 


Home Depot, Houston Texas 


Dap Glue 


Solvent based wood glue 


Home Depot, Houston Texas 


Waxes 




Aristowax 165 


temperature: 158 -165 °F 


Frank B Ross, Jersey City, NJ 


AC 8 lot 500081EQ 


Polyethylene wax 


Honeywell, New Jersey 


ParaflintH-1 


Fisher-Tropsch wax, 10 mPa @ 
250 °F 


Moore and Munger 


AR.-504 


Maleated PE wax acid number 4 1 
and viscosity of 373 mPa @190 
°C 


Clarient 


AC-540 


Ethylene acrylic acid copolymer 
having an acid number of 40 and 
a viscosity of 575 cps @140° C 


Honeywell, New Jersey 


Polywax 2000 


Polyethylene wax 


Baker Petrolite 


AC-1302P 


Maleated polypropylene 


Honeywell 


P-C80 


Fischer Tropsch fractionated wax 


Moore and Munger 


MAPP-40 


Maleic modified polypropylene 
with acid number of 50, viscosity 
of 300 cps @190 °C 


Chusei, Pasadena Texas 


Antioxidants and other additives 
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Irganox 1010 


Phenolic antioxidant 


Ciba-Geigy 


Dolomite 16 mesh 


sand 


Supplied by Fordarain Company 
Ltd (UK) 


MicrocarbMC50F 


calcium carbonate 


Supplied by Microfme Minerals 
Ltd (UK) 


Glass beads of 3F type 


Glass bead 


Supplied by Sovitec SA 
(Belgium) 


Ti02Lot:TR92 


titanium dioxide 


Supplied by Hunstman Tioxide 
Ltd (UK) 


Test surfaces 


Metallized acrylic coated 


Metallized acrylic coasted 
cardboard for cereal box 


General Mills 


Non-coated CB testliner 


1250 gr/m2 for vegetable trays 


Kappa, Holland 


Paperboard 84A 


Gray poster 20 pt chipboard with 
20% recycle content 


Huckster Packaging and Supply, 
Houston, TX 


Paperboard 84B 


Generic posterboard clay coated 
newsprint 


Huckster Packaging and Supply, 
Houston, TX 


Paperboard 84C 


Generic corrugated cardboard 
200# stock 


Huckster Packaging and Supply, 
Houston, TX 


Inland Paper Board 


High Performance box board 


Inland Paper Board and 
Packaging Company of Rome 


Black White Fabric 


Printed stretch 100% Cotton with 
a Thread Count of 17 by 13 per 
square cm, a more loosely woven 
fabric 


High Fashion Fabrics, Houston 


Formica 


Tabs were made from standard 
sheet Formica 


Lowe's Hardware, Houston Texas 


Blue fabric 


Tabs were made from Blue Stock 
038C0TP 100% Cotton, Thread 
Count 21by 45 per square cm 
with a weight of 0.022 grams per 
square cm, a tightly woven cotton 
fabric 


High Fashion Fabrics, Houston 
Texas. 


Catalog paper 


Book paper bound by a hot melt 
process as determined from 
examination 


Seton Catalog 


NWC 


Non-woven Coverstock, 
Paratherm PT 120/20 


Lohmann, Germany 


PE 


Polyethylene, White Opaque 
Micro-embossed CO/EX film 
(rubber treated inside), Reference 
#:CM001AREE000757-C 


TacolinLtd.UK 


Polyester (PET) construct 


Polyester construct 




BOPP 


Bi-axially oriented polypropylene 
film, 28 micron 


Mobil Films, Rochester, NY 


Corona treated BOPP 


Corona treated bi-axially oriented 
polypropylene film, 28 micron 


Mobil Films, Rochester, NY 


PP cast film construct 


A cast film. 





[00357] REXTAC RT 2730 is a copolymer of propylene, butene and 
ethylene having about 67.5 mole percent propylene, about 30.5 mole percent 
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butene and about 2 mole percent ethylene produced by Huntsman, Company. The 
copolymer has about 15 mole percent BB dyads, 43 mole percent PB dyads and 
about 43 mole percent PP dyads. The melting point is 70°C with a melting range 
from 25 to 1 16°C. the Tg is -25°C, the crystallinity is about 7 percent, the 
enthalpy is 10 J/g by DSC. The Mn is 8260 the Mw is 59100 and the Mz 187900 
byGPC. Mw/Mnis7.15. 

[003581 REXTAC RT 2715 is a copolymer of propylene, butene and 
ethylene having about 67.5 mole percent propylene, about 30.5 mole percent 
butene and about 2 mole percent ethylene produced by Huntsman, Company. The 
copolymer has about 1 1 mole percent BB dyads, 40 mole percent PB dyads and 
about 49 mole percent PP dyads. The melting point is 76°C with a melting range 
form 23 to 124°C. the Tg is -22 D C, the crystallinity is about 7 percent, the 
enthalpy is 1 1 J/g by DSC. The Mn is 6630 the Mw is 51200 and the Mz 166,700 
byGPC. Mw/Mnis7,7. 



[00359] All the adhesive formulations are in weight percent, unless 
otherwise noted in the compositions listed in Table 18 through Table 50. 

TABLE 18 Applications Formulas (percent) and Performance Values 



Formulation 


A 


B 


C 


D 


£ 


F 


Example 42 


80 












Escorez™5637 


7 


7 


13 


10 


10 




ParaflintH-1 


13 


13 


7 


10 






Example 27 




80 


80 


80 


80 




Aristowax 165 










10 




Henkel Standard 
Hot Melt 80-8368 












100 


Viscosity at 190 °C(cps) 


1091 


870 


1152 


1000 


945 


700 


SAFT,F(°C) 


233 
(112) 


253 
(123) 


257 
(125) 


253 
(123) 


259 
(126) 


182 
(83) 


Set Time (sec.) 


1.5 


1.5 


2 


1 


2.5 


1 


Percent Substrate Fiber 
Tear 
Low Temperature 
-12 6 C, File folder 


0 


80 


95 


10 


100 


100 
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TABLE 19 Comparison of Blended aPP/scPP with branched aPP-g-scPP 


Formulation 


A 


B 


C 


D 


E 


F 


G 


Example 73 


100 






5 








Example 74 




100 




39 








Example 75 
















Example 29 










82 






Irganox 1010 








1 


1 






\Jt APP Aft 
















Escorez™ 5637 








7 


5 






ParaflintH-1 








5 


7 






Henkel Standard 
Hot Melt 80-8368 
















Chief Standard 
Hot Melt 268 














100 


Viscosity at 
190 °C (cps) 


1132 


2220 


328 


711 


812 


807 


1055 


SAFT,F(°C) 








263 
(128) 


266 
(130) 


173 
(78) 


175 
(79) 


Set Time (sec.) 


>6 


6 


No 
adhesion 


1.5- 
2.0 


1.5 


1 


1.5 


Percent Substrate Fiber 
Tear 
Low Temperature 
-12 "C, cardboard 


100 


100 


0 


100 


85 


100 


100 


' Percent Substrate Fiber 
Tear 

Room Temperature 
20-25 °C, File Folder 


0 


5 


0 


100 


100 


100 


100 
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TABLE 20 Comparison of branched aPP-g-scPP with propylene/ethylene copolymers 



Formulation 


A 


B 






E 




G 


H . 


_ 1 


J . 


K 


Example 41 
























Example 16 








100 


90 


90 












C3/C2 














100 


90 


90 


















3 




7 


3 






ParaflintH-1 




3 


7 




3 


7 




3 


7 






Henkel Standard 
Hot Melt 80-8368 




















100 




Chief Standard 
Hot Melt 268 






















100 


SAFT.T 


204 


195 


198 


215 


198 


200 


198 


199 


179 


171 


185 


Set Time (sec.) 


6 


5 


2 


>6 


6 


1.5 


6 


3 


>6 


2 


1 


Percent Substrate 

Fiber Tear 
Low Temperature 
-12 °C Filefolder 


0 


100 


0 


100 


100 


0 


100 


60 


0 


100 


100 



[00360] The C3/C2 is a comparative example. The polymer was an 
ethylene/propylene copolymer with ethylene content of about 10 wt.%. This 
polymer was made using rac-dimethylsityl bis(2-methyl-4-phenylindenyI) 
zirconium dimethyl at a polymerization temperature of 70 °C, following the 
general procedure described above for example 1, except that only one catalyst 
was used. The polymer had a peak melting temperature of 95 °C and viscosity of 
1368cpsatl90°C. 
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TABLE 21 Multiple Polymer and Oil Blends of branched aPP-g-scPP Polymer 


Formulation 


A 


B 


C 


D 


£ 


F 


G 


H 


I 


J 


Example 26 


74 


69 






78 


72 










Example 25 






74 


69 






78 


72 






Example 23 










5 


9 


5 


9 






Irganox 1010 


1 


1 


1 


1 


1< 


1< 


1< 


1< 






KaydolOil 


10 


10 


10 


10 


5 


9 


5 


9 






Escorez™5637 


10 


10 


10 


10 


7 


6 


7 


6 






ParaflintH-l 


5 


10 


5 


10 


5 


4 


5 


4 






Henfcel Standard 
Hot Melt 80-8368 


















100 




Chief Standard 
Hot Melt 268 




















100 


Viscosity, cps 
190 °C 


315 


120 


525 


445 


358 


262 


8S8 


724 


1002 


732 


SAFT, F (°C) 






















Set Time (sec.) 


3 


1.5 


1.5 


1 


1.5 


1.5 


3 


3 


1.5 


1.0 


Percent Substrate 

Fiber Tear 
Room Temperature 
20-25 8 C, File Folder 


100 


20 


100 


100 


100 


100 


100 


100 


100 


100 


Percent Substrate 

Fiber Tear 
Low Temperature 
5 °C, File folder 










100 


100 


100 


100 


100 


100 
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TABLE 22 Comparison of Various formulations of branched aPP-g-scPP 


Formulation 


A 


B 


C 


D 


E 


F 


G 


H 


I 


Example 25 


92.5 


78.6 


78.6 














Example 69 




5 


5 














Example 29 








82 


84.5 


82 


82 






Escorez™5400 












5 


7 


























MAPP40 






5 


5 


2.5 


5 


5 






Irganox 1010 


.5 


.4 


.4 


I 


1 


1 


1 






Kaydol Oil 




5 


5 














EscorezCtm) 5637 


2 


1.7 


1.7 


5 


5 










ParaflintH-1 


5 


4.3 


4.3 


7 


7 


7 


5 






Henkel Standard 
Hot Melt 80-8368 
















100 




Chief Standard 
Hot Melt 268 


















100 


Viscosity at 
190 "C (cps) 


790 


695 


688 


688 


758 


750 


830 


834 


1050 


SAFT, T 


263 


>250 


>250 


265 


266 


265 


265 


184 


171 


Set Time (sec.) 


2.5 


2 


2 


1.5 


1.5 


1.5 


1.75 


1 


1.5 


Percent Substrate 

Fiber Tear 
Low Temperature 
-12 °C, cardboard 


10 


98 


100 


75 


60 


90 


100 


100 


100 


Percent Substrate 

Fiber Tear 
Room Temperature 
20-25 °C, File Folder 


34 


100 


100 


100 


100 


100 


100 


100 


100 
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TABLE 23 Hard and soft aPP-g-scPP mixes with Escorez(tni) 5400 


Formulation 


A 


B 


C 


D 


E 


F 


G 


H 


I 


Example 28 


9 


9 


9 


9 


9 


9 


9 






Example 17 


78 


















Example 40 




78 
















Example 21 






78 














Example 20 








78 












Example 67 










78 










Example 25 




















Example 26 




















Irganox 1010 


1 


1 


1 


1 


I 


1 


1 






Escorez™5400 


7 


7 


7 


7 


7 


7 


7 






Paraflmt H-l 




















Henkel Standard 
Hot Melt 80-8368 
















100 




Chief Standard 
Hot Melt 268 


















100 


Viscosity, cps 
190 »C 


344 


306 


548 


505 


521 


1185 


404 


783 


1090 


SAFT, (°F) 




















Set Time (sec.) 


3 


3.5 


3.5 


2.5 


1.5 


>2 


1,5 


1 


1.5 


Percent Substrate 

Fiber Tear 
Low Temperature 
5 °C, File Folder 


50 


50 


90 


65 


100 


100 


100 


100 


100 


Percent Substrate 

Fiber Tear 
Room Temperature 
20-25 °C,File Folder 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Shore A 


74 


77 


54 


63 


76 


76 


76 


80 


85 



There is no Table 24 
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TABLE 25 Comparison Various Wax Types with Two Polymer Types 



Formulation 


A 


B 


c 


D 


£ 


F 


G 


H 


I 






ParafiintH-1 


0 


10 


0 


0 


0 


0 


10 


0 


0 






Example 29 


82 


82 


82 


82 


0 


0 


0 


0 


0 






Example 62 










82 


82 


,f. 2 , 


, 82 .. 


... n . 






Escorez™5637 
























Irganox 1010 


1 


1 


1 


1 


1 


1 


1 


1 


1 






AC 540 








10 


10 








5 






Polywax 2000 
























LicowaxPP230 






10 






10 












Henkel Standard 
Hot Melt 80-8368 




















100 




Chief Standard 
Hot Melt 268 






















100 


Viscosity, cps 
190 °C 


820 


763 


1140 


1254 


848 


977 


588 


691 


715 


765 


1131 


Set Time (sec.) 


0.5 


1 


4 


2 


1.5 


4+ 


1 


0.5 


1 


1 


1.5 


Percent Substrate 

Fiber Tear 
Low Temperature 
-12 "C, cardboard 


0 


0 


95 


50 


70 


100 


0 


0 


50 


100 


100 


Percent Substrate 

Fiber Tear 
Room Temperature 
20-25 °C, File Folder 


100 


0 


98 


100 


100 


100 


0 


5 


100 


100 


100 



TABLE 26 Formulating Response of butene-1 modified aPP-g-scPP 


Formulation 


A 


B 


C 


D 


E 


Example 68 


100 




93 






Example 70 




100 




93 




Escorez™5637 






2 


2 




ParaflintH-1 






5 


5 




Henkel Standard 
Hot Melt 80-8368 










100 


Viscosity ©190*^ (cps) 


563 


1100 


485 


1140 


750 


Set Time (sec.) 


2.5 


>3 


1.5 


2 


1 


Percent Substrate Fiber Tear 
Room Temperature 
20-25 °C, File Folder 


100 


100 


88 


70 


100 
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TABLE 27 Comparison of dicyclopentadiene modified aPP-g-scPP with and without diene 



Formulation 


A 


B 


C 


D 


E 


F 


Example 28 


93 


100 


80 








Example 71 








100 


93 




Escorez™ 5637 


2 




20 




2 




ParaflintH-1 


5 








5 




Henkel Standard 
Hot Melt 80-8368 












100 


Viscosity, cps 
190 °C 


390 


661 


205 


524 


502 




Shore A Hardness 


22 


34 


45 








Set Time, sec 


3 


4 


2.5 


3.5 


2 


1 


Percent Substrate Fiber 
Tear 

Room Temperature 
20-25 °C, File Folder 


50 


80 


90 


80 


90 


90 
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TABLE 28 Comparison Various aPP-g-scPP Polymer and Adhesive Blends 


Formulation 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


K 


Example 12 


100 


93 




















Example 24 






100 


93 
















Example 22 










100 


93 


88 










Example 37 
















100 


93 






Escorez™ 5637 




2 




2 




2 


4 




2 






Paraflint H-l 




5 




5 




5 


8 




5 






Henkel Standard 
Hot Melt 80-8368 




















100 




Chief Standard 
Hot Melt 268 






















100 


Viscosity, cps 
190 °C 


813 


875 


2240 


1527 


1240 


950 


797 


568 


497 


730 


1027 


Set Time, 
sec 


3 


3 


3 


3 


3.5 


2.5 


1.5 


3.5 


2.5 


1 


1.5 


Percent Substrate 

Fiber Tear 
Room Temperature 
20-25 °C, File Folder 


85 


95 


95 


95 


90 


90 


90 


90 


95 


90 


10 



TABLE 29 Example Adhesive Testing on a Variety of Surfaces 


Formulation 


Blend of 78% example 29, 5% 
LicomontAR504, 7% 
Escorez 5637, 5% Paraflint H- 
1, 5% Kaydol oil. 1% Irganox 
1010 was added to the blend 


Henkel 80-8368 Hot Melt 




Maximum average 
Force by Dot T- 

PeelTest, 
(NewtonsUbs) 


Failure Type 


Maximum average 
Force by Dot T- 

Peel Test 
(Newtons\Ibs) 


Failure Type 


Surface 










Cardboard 84C 


24.2\ 5.4 


Substrate Failure 


16.4\3.7 


Substrate Failure 


BOPP Film (Corona 
Treated) 


19.2V4.3 


Cohesive Failure 


1.0\0.2 


Complex jerking 


PP Film plain 


13.7\3.1 


Several Types 


1.0\0.2 


Complex jerking 


Paperboard 84B 


6.0M.3 


Substrate Failure 


5.3U.2 


Substrate Failure 


Paperboard 84A 


4.7U.1 


Substrate Failure 


4.6U.0 


Substrate Failure 


Aluminum foil 


3.2\0.7 


Cohesive Failure 


1.3\0.3 


Cohesive Failure 
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Example EX1-EX13 

[00361] The following samples were made at a temperature range of 70 to 
125 °C, following the general procedure described above with the following 
exceptions: (1) a small quantity of 1,9-decadiene was fed as the diolefin monomer 
in Example EX1 -EX3, EX5 and EX9; (2) ethylene was used in Example EX13- 
EX17. The detailed experimental conditions and results are presented in Tables 
30,31 and 32. 



Table 30 




EX1 


EX2 


EX3 


EX4 


EX5 


EX6 


Catalyst #1 


A 


A 


A 


A 


A 


G 


(mole/min) 


5.22E-06 


5.88E-06 


6.10E-06 


3.91E-06 


1.82E-06 


9.89E-07 


Catalyst #2 


B 


E 


B 


C 


B 


C 


Catalyst #2 feed rate 
(mole/min) 


7.65E-07 


2.62E-06 


2.83E-07 


9.86E-07 


9.45E-08 


2.22E-07 


Propylene Feed rate (g/min) 


14 


14 


14 


14 


14 


14 


1, 9 decadiene feed rate 
(ml/min) 


0.09 


0.10 


0.19 


0.00 


0.01 


0.00 


H2 (cc/min) 


0 


0 


30 


0 


0 


0 


Hexane feed rate (ml/min) 


90 


90 


90 


90 


90 


90 


Polymerization 
temperature (°C) 


95 


75 


70 


92 


100 


105 


Mn(kg/mol) 


28.1 




15.8 




33 




Mw (kg/mol) 


63 




58.3 




67.7 




Mz(kg/mol) 


168.3 




203.7 




136.4 




g'@Mz 


0.81 




0.78 








Tc(°C) 


100.7 


74.8 


91.9 


54.6 


86.4 


60.1 


Tm (°C) 


146.1 


113.8 


148.9 


103.0 


149.4 


102.9 


Tg(°C) 


-7.6 


-8.2 


-7.1 


-8.3 


-6.7 


-82 


Heat of fusion (J/g) 


36.5 


27.S 


19.3 


23.9 


12.5 


35.8 


Viscosity @190 °C (cps) 


11200 


4940 


10100 


2940 


54870 


5340 


Catalysts 


A=dimethylsilyl (tetramethylcyclopentadienyl) (cyclododecylamido) titanium dimethyl 


B - rac-dimethylsilyl bis(2-methyl-4-phenylindenyi) zirconium dimethyl 


C=rac-dimethylsilyl bis (indenyl) hafnium dimethyl 


E=rac-dimethylsily bis(2-methyIindenyl)zirconium dimethyl 


G^i(p-Memybilylphenyl)me%le^ 
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Table 31 


Example 


EX7 


EX8 


EX9 


EX10 


EX11 


EX12 


EX13 


Catalyst #1 
















Catalyst #1 feed rate 
(mole/min) 


1.65E-06 


1.65E-06 


1.77E-06 


2.35E-06 


1.65E-06 


9.89E-07 


1.77E-06 


Catalyst #2 


B 


B 


B 


B 


B 


C 


B 


Catalyst #2 feed rate 
(mole/min) 


7.09E-08 


4.72E-08 


1.42E-07 


5.74E-08 


7.09E-08 


3.70E-07 


1.42E-07 


(g/min) 


14 


14 


14 


14 


14 


14 


14 


Ethylene feed rate 
(SLPM) 


- 


... 


- 


._ 






0.2 


1 9 decadiene feed 
rate (ml/min) 






0.02 










Hexane feed rate 
(ml/min) 


90 


90 


90 


90 


90 


90 


90 


Polymerization 
temperature (°C) 


110 


115 


125 


130 


120 


105 


110 


Mn (kg/mol) 


22.5 




17.7 










Mw (kg/mol) 


68.6 




35.9 










Mz (kg/mol) 


132.4 




67.8 










g-@Mz 






0.82 










Tc (°C) 


96.0 


81.6 


82.5 


81.0 


96.5 


54.2 


56.9 


Tm(°C) 


147.9 


142.6 


124.9 


134.1 


144.7 


94.5 


113.5 


Tg(°C) 


-3.3 


-2.8 


-6.3 


-3.9 


-4.2 


-10.5 


-9.6 


Heat of fusion (J/g) 


40.7 


152 


37.2 


17.1 


40.0 


32.7 


21.7 


Viscosity @190 °C 
(cps) 


45400 


47500 


1180 


8325 


7957 


1157 


7975 


Catalysts 


B = rac-dimemylsilyl bis(2-methyl-4-phenylindenyl) zirconium dimethyl 


C = rac-dimethylsilyl bis (indenyl) hafnium dimethyl 


G = di(p-triemylsilylphenyl)methylene](c^^ dimethyl 
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Table 32 


Example 




. 




EX17 ^ 


Catalyst #1 










Catalyst #1 feed rate (mole/min) 


1.77E-06 


1 77E-06 




1 77E-06 


Catalyst #2 


B 


B 


B 


B 


Catalyst #2 feed rate (mole/min) 


3.12E-07 


3.12E-07 


3.12E-07 


3.12E-07 


Propylene feed rate (g/min) 


14 


14 


1 




Ethylene feed rate (SLPM) 


1.5 


0.8 


0.8 


1.5 


Hexane feed rate (ml/min) 


90 


90 


90 


90 




80 


80 


105 


105 


Mn (kg/mol) 










Mw (kg/mol) 










Mz (kg/mol) 










g'@Mz 










Tc(°C) 


28.7 


58.0 


19.1 




Tm (°C) 


73.7 


99.3 


57.6 


-47.8 


Tg(*C) 


-26.3 


-19.4 


-26.8 


-19,5 


Heatoffasion(J/g) 


14.8 


29,6 


8.0 


3.7 


Viscosity @190 °C (cps) 


23400 


37120 


495 


481 


Ethylene content (mole %) 


16.9 


10.7 






Catalysts 










G=di(p-tneraylsilylphenyl)methy^ 



Polymerization Conditions 



[00362] Propylene feed at the rate of 8 lb/hr was combined with hexane at 
17 lb/hr to form 25 lb/hr of reactor feed solution. Tri-n-octyl aluminum (TNOA) 
as a 3 wt.% solution in hexane (obtained from Albemarle) was introduced into this 
stream at the rate of 0.0006 lb/hr.. 

[00363] Catalyst and activator entered the reactor from a separate port. The 

catalyst solution consisted of a mixture of di(p- 

triemylsnylphenyl)memylene](cyclcpentadienyl)(3,8-m-t-bu^ 

dimethyl (catalyst G) and rac-dimethylsilyl bis(2-methyl-4-phenylindenyl) 
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zirconium dimethyl (catalyst B), with 97 molar % of catalyst G. The catalyst 
solution was prepared by dissolving the catalyst mixture in toluene to form a 0.5 
wt% solution. The activator feed stream was made up of a 0.2 wt-% solution of 
N/N-dimemylanninium tefxakis(pentafluorophenyl) borate in toluene. Both the 
catalysts and activator were obtained from Albemarle. The catalyst and activator 
feed lines were configured to mix in line immediately upstream of the reactor, 
with an estimated contact time of 2-4 minutes. The catalyst and activator feed 
rates were 0.04 g/br and 0.1 g/hr respectively. 

[00364] The reactor feed was converted to polymer through two continuous 
stirred tank reactors in series. The temperatures of both reactors were controlled 
at 135 °C. The reactors were operated liquid full under 530 psig pressure. The 
residence time of the feed in each reactor was 45 minutes. Conversion of 
propylene to polymer product was about 91%. 

[003651 Molten polymer was recovered from solution via two flash stages, 
each with a preheater. The first stage (20 psig) polymer contained about 2% 
solvent and the second stage (50 torr vacuum) incorporated about 800 ppm 
volatiles. Water was injected into the second stage flash (devolatilizer) feed to 
quench residual catalyst and aid with solvent stripping. The properties of the 
polymer and the finished adhesives are summarized in Table 33. 
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Table 33 


Example # 


PP1 


PP2 


PP3 


PP4 


PP5 


PP6 


PP7 


PP8 


Polymerization 
temperature (°C) 


132 


135 


135 


135 


135 


134 


133 


137 


Catl in catalyst 
blend (mol%) 


96 


93 


93 


93 


93 


93 


96 


93 


Catalyst in reactor 
feed (wppm) 


320 


4.17 


4.17 


4.17 


4.17 


4.17 


4.17 


3.8 


Propylene in reactor 
xeea [ytiyo) 


28.00 


29.17 


29.17 


29.17 


29.17 


28.0 


28.0 


30.0 


Scavenger (wppm) 


7.44 


25 


25 


25 


25 


24 


24 


24 


Quench water (wt%) 


1.82 


0.86 


0.86 


0.86 


0.62 


1.4 


2.8 


0 


Mn (kg/mol) 


18.3 


17.1 


13 


16.7 


12.3 


11.4 


17.3 


18.5 


Mw (kg/mol) 


41.7 


36.6 


32.5 


34.4 


32.3 


31.9 


38.5 


34.1 


Mz (kg/mol) 


76.4 


68.1 


61.9 


61.7 


64.6 


61.6 


71.4 


69.6 


g'@Mz 




0.83 


0.85 


0.83 


0.81 


0.83 


0.94 


0.89 


TcCQ 


69.2 


79.8 


80.6 


78.4 


63.8 


71.8 


62.8 


85 


Tm (°C) 


131 


134 


136 


137 


130 


132 


137 


136 


Heat of fusion (J/g) 


15.9 


25.7 


30.7 


28.7 


38 


28.2 


9,5 


38.6 


Viscosity @190 "C 
(cps) 


2300 


1992 


1382 


1527 


1211 


1340 


4235 


1270 


Catalyst 


B = rac-dimethylsilyl bis(2-methyl-4-phenylindenyl) zirconium dimethyl 



[00366] All documents described herein are incorporated by reference 
herein, including any priority documents and/or testing procedures. As is apparent 
from the foregoing general description and the specific embodiments, while forms 
of the invention have been illustrated and described, various modifications can be 
made without departing from the spirit and scope of the invention. Accordingly, it 
is not intended that the invention be limited thereby. 
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Claims 

We Claim: 

1 . A polymer comprising at least 50 mol% of one or more C3 to C40 olefins 
where the polymers has: 

a) a Dot T-Peel of 1 Newton or more on Kraft paper; and 

b) a branching index (g 1 ) of 0.95 or less measured at the Mz of the 
polymer; 

c) an Mw of 1 00,000 or less. 

2. A polymer comprising at least 5 0 mol% of one or more C3 to C40 olefins 
where the polymer has: 

a) a Dot T-Peel of 1 Newton or more on Kraft paper; 

b) a branching index (g*) of 0.98 or less measured at the Mz of the 
polymer; 

c) a Mw of 10,000 to 60,000; and 

d) a heat of fusionof 1 to 50 J/g. 

3. A homopolypropylene or a copolymer of propylene and up to 5 mole% 
ethylene having: 

a) an isotactic run length of 1 to 30, 

b) a percent of r dyad of greater than 20%, and 

c) a heat of fusion of 70 J/g or less. 

4. The polymer of claim 1 or 3 where the polymer has an Mw of 1 0,000 to 
100,000 and a heat of fusion of 1 to 70 J/g. 



5. 



The polymer of claim 1 or 2 wherein the polymer comprises propylene. 
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6 . The polymer of claim 1 or 2 wherein the polymer comprises less than 1 5 
mole % of ethylene. 

7. The polymer of any of the above claims wherein the polymer has a melt 
viscosity of 7000 mPa»sec or less at 190°C. 

8. The polymer of any of the above claims wherein the polymer has a melt 
viscosity of 5000 mPa«sec or less at 190°C. 

9. The polymer of any of the above claims wherein the polymer has a melt 
viscosity of 3000 mPa»sec or less at 1 90°C. 

10. The polymer of any of the above claims wherein the polymer has a melt 
viscosity of between 500 and 3000 mPa«sec at 190°C. 

1 1 . The polymer of any of the above claims wherein the polymer has a Tg of 
0°C or less. 

1 2. The polymer of any of the above claims wherein the polymer has a Tg of 
-10°C or less. 

13 . The polymer of any of the above claims wherein the composition has a 
branching index (g') of 0.90 or less measured at the Mz of the polymer. 

14. The polymer of any of the above claims wherein the polymer has an Mw 
of 50,000 or less and a branching index of 0.7 or less. 

1 5. The polymer of any of the above claims wherein the SEC graph of the 
polymer is bi- or multi-modal. 
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16. The polymer of any of the above claims wherein the polymer has an 
amorphous content of at least 50%. 

1 7. The polymer of any of the above claims wherein the polymer has a peak 
melting point between 60 and 190°C. 

18. The polymer of any of the above claims wherein the polymer has a 
molecular weight distribution (Mw/Mn) of at least 5. 

1 9. The polymer of any of the above claims wherein the polymer has a 
crystallinity of at least 30%. 

20 . The polymer of any of the above claims wherein the polymer has 20 wt.% 
or more of hexane room temperature soluble fraction and 50 wt % or less 
of Soxhlet heptane insolubles. 

21 . The polymer of any of the above claims wherein the polymer comprises 
less than 3.0 mole % ethylene. 

22. The polymer of any of the above claims where the polymer comprises 
diolefin. 

23 . The polymer of any of the above claims where the polymer comprises 
diolefin selected from the group consisting of 1,6-beptadiene, 1,7- 
octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-undecadiene, 1,11- 
dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, cyclopentadiene, 
vinylnorbornene, norbornadiene, ethylidene norbornene, divinylbenzene, 
dicyclopentadiene, poly butadienes having an Mw less than 1000 g/mol t or 
combinations thereof. 
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24. The polymer of any of the above claims where the polymer has an Mz/Mh 
of 2 to 200. 

25. The polymer of any of the above claims wherein the polymer has an Mz of 
15,000 to 500,000. 

26. The polymer of any of the above claims wherein the polymer has a SAFT 
of50tol50°C. 

27. The polymer of any of the above claims wherein the polymer has a Shore 
A hardness of 95 or less. 

28. The polymer of any of the above claims wherein the polymer has a set time 
of 5 seconds or less. 

29. The polymer of any of the above claims wherein the polymer has an 
Mw/Mnof2to75. 

30. The polymer of any of the above claims wherein the polymer has a tensile 
strength at break of 0.5 MPa or more. 

3 1 . The polymer of any of the above claims wherein the polymer has a melt 
index of 900 dg/min or more. 

32. The polymer of any of the above claims wherein the polymer is a 
homopolymer of propylene and or a copolymer of propylene and one or 
more of butene, pentene, hexene, octene, nonene, and decene, wherein the 
copolymer comprises less than 10 mole% ethylene, and wherein the 
homopolymer or copolymer has a Dot T-Peel of 3 or more Newtons; a 
viscosity of 8000 mPasec/sec or less at 190 0 C; a branching index (g') of 
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0.85 or less measured at the Mz of the polymer; and an Mw of 100,000 or 
less. 

3 3 . The polymer of any of the above claims wherein the polymer comprises 
propylene, from 0 to 5 mol% ethylene, from 0 to 40 mol% of a C5 to C12 
olefin, and 0 to 1 0 mol% of a diene. 

34 . The polymer of any of the above claims where the polymer comprises less 
than 1 mole % of ethylene and where the polymer has at least 2 mol% 
(CH^ units. 

35. The polymer any of claims 1 to 34 wherein the polymer has at least 4 
mol%(CH^ 2 units. 

36. The polymer any of claims 1 to 34 wherein the polymer has at least 8 
mol% (CH^ units. 

37. The polymer any of claims 1 to 34 wherein the polymer has at least 1 5 
mol% (CHJj units. 

3 8 . The polymer any of claims 1 to 33 where the polymer comprises between 
1 and 10 mole % of ethylene and where the polymer has at least 2 + X 
mol% (CH^ units, where X is the mole % ethylene. 

39. The polymer any of claims 1 to 33 where the polymer comprises between 
1 and 1 0 mole % of ethylene and where the polymer has at least 4 + X 
moI% (CH^ units. 
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40. The polymer any of claims 1 to 33 where the polymer comprises between 
1 and 10 mole % of ethylene and where Ihe polymer has at least 10 + X 
moP/oCCH^ units. 

41. The polymer any of claims 1 to 33 where the polymer comprises between 
1 and 10 mole % of ethylene and where the polymer has at least 15 + X 
mol% (CH 2 ) 2 units. 

42. The polymer any of claims 1 to 41 where the polymer has a Dot T-Peel of 5 
Newton or more. 

43. The polymer any of claims 1 to 42 where the polymer has a Dot T-Peel of 
between 10 and 2000 Newtons. 

44. The polymer any of claims 1 to 43 wherein the polymer has a Dot T-Peel 
of between 15 and 1000 Newtons. 

45. The polymer any of claims 1 to 43 wherein the polyme has an amorphous 
component which contains at least 3 mol% (CH^ units. 

46. The polymer any of claims 1 to 43 wherein the polyme has an amorphous 
component which contains at least 6 mol % (CH 2 ) 2 units. 

47. The polymer any of claims 1 to 43 wherein the polyme has an amorphous 
component which contains at least 10 mol % (CH^ units. 

48. The polymer any of claims 1 to 43 wherein the polyme has an amorphous 
component which contains at least 15 mol % (CHj) 2 units. 
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49. The polymer of claim 1 09 where the amorphous component contains at 
least 20 mol % (CHj) 2 units. 

50. A composition comprising the polymer of any of claims 1 to 49 and one or 
hydrocarbon resins selected from te group consisting of aliphatic 
hydrocarbon resins, aromatic modified aliphatic hydrocarbon resins, 
hydrogenated polycyclopentadiene resins, polycyclopentadiene resins, 
gum rosins, gum rosin esters, wood rosins, wood rosin esters, tall oil 
rosins, tall oil rosin esters, polyterpenes, aromatic modified polyterpenes, 
terpene phenolics, aromatic modified hydrogenated polycyclopentadiene 
resins, hydrogenated aliphatic resin, hydrogenated aliphatic aromatic 
resins, hydrogenated terpenes and modified terpenes, and hydrogenated 
rosin esters. 

51. The composition of claim 50 farther wherein the hydrocarbon resin is 
present at 1 weight % to about 80 weight %. 

52. The composition of claim 50 further wherein the hydrocarbon resin is 
present at less than 5% hydrocarbon resin. 

53 . A pellet comprising the polymer of any of claims 1 to 49. 

54. A pellet comprising the composition of any of claims 50 to 52. 

55. A continuous process to produce polymer of any of claims 1 to 49 
comprising: 

1 ) selecting a first catalyst component capable of producing a polymer 
having an Mw of 100,000 or less and a crystallinity of 5% or less 
under selected polymerization conditions; 
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2) selecting a second catalyst component capable of producing 
polymer having an Mw of 100,000 or less and a crystallinity of 
20% or more at the selected polymerization conditions; 

3) contacting the catalyst components in the presence of one or more 
activators with one or more C3 to C40 olefins; and, 

4) at a temperature of greater than 1 00°C; 

5) at a residence time of 120 minutes or less; 

6) wherein the ratio of the first catalyst to the second catalyst is from 
1:1 to 50:1; 

7) wherein the activity of the catalyst components is at least 5 0 
kilograms of polymer per gram of the catalyst compounds; and 
wherein at least 80% of the olefins are converted to polymer. 

56. The process of claim 55 wherein the first catalyst component comprises a 
sterospecific metallocene catalyst compound. 

57. The process of claim 55 wherein the first catalyst component comprises a 
non-sterospecific metallocene catalyst compound. 

58. The process of claim 55, 56 or 57 wherein the second catalyst component 
comprises a sterospecific metallocene catalyst compound. 

59. The process of claim 55 wherein the first catalyst component comprises 
one or more of 

dime%lsUyl(tetrame%lcydopen^ 
dichloride, 

dimemylsUyl(tetoame%lcyc^^ 
dichloride, 

dimethylsilyl(tetramethylcyclopentadienyI)(l -adamantylamido) titanium 
dichloride, 
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dime^ylsUyl(tetramet^ 
dichloride, 

dime%bUyl(tetramethykyd^ 
dichloride, 

dimemylsUyl(tetrame%lcyclopen^ 
dichloride, 

dime%lsilyI(tetramediylcycIopentadienyl)(exo-2-norbomylamido) 
titanium dichloride, 

die%lsilyl(tetramethylcyclopentadienyl)(cyclododecyl-amido) titanium 
dichloride, 

die%lsilyl(tettame%lcyclopenta& 
dichloride, 

diemyMyl(teh^efoylcyclopent^ 
dichloride, 

diethylsilyl(tetramethylcy clopentadienyl)( 1 -adamantylamido) titanium 
dichloride, 

memylene(tetrame%lcyclopentadienyl)(cyclodode«yl-anu^o)titamum 
dichloride, 

memylene(tetramemylcyclopentadUenyl)(exo-2-norbomylamido)titamum 
dicmoride,me%lene(tetramemylcyclopentadienyl)(cyclohexylamido) 
titanium dichloride, 

methylene(tetramethylcyclopentadieny 1)( 1 -adamantylamido) titanium 
dichloride, 

dimemylsUy^tetiamemylcyclopentadienylXcyclododecylamidoJtitadum 
dimethyl, 

mmemylsnyl(tetramethylcyclopentadienyl)(exo-2-norbornylamido) 
titanium dimethyl, 

dimemyIsilyl(tetramemylcycIopentaaUenyl)(cyciohexyl-anudo)titani 
dimethyl, 
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dime%lsnyl(te1raaie1hylcyclopeiiladenyl)(l -adamantylamido) titanium 
dimethyl, 

dime^lsilyl(2,5-dimemykyclopentadienyl)(cyclododecyIarmdo)titam 
dichloride, 

dimemylsilyl(2,5-dmiemylcyclopeaitadieny])(exo-2-norbomylanu^) 
titanium dichloride, 

dimethylsilyl(2,5^unemylcyclopentadienyl)(cyclohexylainido)h^anim 
dichloride, 

dimeraylsUyl(2,5-dimethylcyclopentadienyl)(l -adamantylamido) titanium 
dichloride, 

dimemyls%l(3,4-dmiemylcyclopentadienyi)(cyclododecylamido)titarnW 
dichloride, 

dimemylsilyl(3,4-dimemylcyclopem1amenyl)(exo-2-norbomyIarnido) 
titanium dichloride, 

dimemylsilyl(3,4-dimethylcyclopentadienyl)(cyclohexylamido) titanium 
dichloride, 

dimethylsilyl(3,4-dimethylcyclopentadienyl)(l -adamantylamido) titanium 
dichloride, 

dimethylsilyl(2-ethyl-5- 

memylcyclopentad^enylXcyclodode(^lanrido)titanium dichloride, 
dimemylsUyl(2-emyl-5-me1hylcyclopentadienyl)(exo-2-norbomylamido) 
titanium dichloride, dimethylsilyI(2-ethyl-5- 
methylcyclopentadienyl)(cyclohexylamido) titanium dichloride, 
dimethylsilyl(2-ethyl-5-methylcyclopentadienyl)(l -adamantylamido) 
titanium dichloride, 
dimethylsilyl(3-ethyl-4- 

memylcyclopentadienylXcyclodc4ecylamido)titaniumdicWoride, 
dime%lsUyl(3-emyl-4-memylcyclopentadienylXexo-2-norbomylamido) 
titanium dichloride, 
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dmiemylsilyl(3-emyl^me%lcycIopen^ 
dichloride, 

dnne1]iylsUyl(3-ethyM-me%lcyclopentadienyl)(l-adamantylamido) 
titanium dichloride, 

dimethylsilyl(2-ethyl-3-hexyl-5-methyl-4- 

octylcyclopentadienyl)(cyclododecylamido) titanium dichloride, 

dime%lsUyl(2-emyl-3-hexyl-5-memyM-0(^lcyclopentadienyl)(exo-2- 

norbornylamido) titanium dichloride, 

dimethylsilyl(2-ethyl-3-hexyI-5-methyl-4- 

octylcyclopentadienyl)(cyclohexylamido) 

titanium dichloride, 

dime%lsilyl(2-emyl-3-hexyl-5-methyl-4-octylcyclopentadienyl)(l- 
adamantylamido) titanium dichloride, 

dimemylsilyi(2-tetrahydromdenyl)(cyclc)dodecylamido) titanium dichloride, 
dimethylsilyl(2-tetrahydroindenyl)(cyclohexylamido) titanium dichloride, 
dimemylsilyl(24eti^ydromdenyl)(l-adamantylamido) titanium dichloride, 
climemylsilyl(2-tetrahydroindenyl)(exo-2-norhomylarnido) titanium 
dichloride, 

dimemylsilyl(tetramemylcyclor^ 
dimethyl, 

dimemylsUyl(tetrame%lcyclopentadte^^ 
dimethyl, 

dimethylsilyl(tetramethylcyclopentadienylX 1 -adamantylamido) titanium 
dimethyl, 

dime%lsilyl(tetramemylcyclopentadienyl)(t-bu1ylamido)titam 
dimethyl, 

dime%lsilyl(tetrame1hylcyd^^ 
dimethyl, 

dimemylsilyl(te1xame%lcyclopentadienyl)(n-butylarnido) titanium 
dimethyl, 
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dimethylsilyl(tetramethyIcyclopentadieoylXexo-2-norbomylamido) 

titanium dimethyl, 

<nemylsilyl(tetramemylcyclopenu^ 

dimethyl, 

die%lsUyl(tetramemylcyclopentadieny^ 
dimethyl, 

(Ke&ylsUyl(teteamemylcyclopent^ 
dimethyl, 

diemylsilyl(tehmiemylcyclopentadienyl)(l-adamantylamido)titamiim 
dimetiiyl, 

memylene(tetramemylcyclopentadienyl)(cyclododecyl-amido) titanium 
dimethyl, 

memylene(tetramethylcyclopentadienyl)(exo-2-norbomylamido) titanium 
dimemy^memyleneOetramemylcyclopentedienylJCcyclohexylamido) 
titanium dimethyl, 

memylene(tetramemylcyclopentadienyl)(l-adamantylamido) titanium 
dimethyl, 

cmnemylsilyl(tetrame%lcyclopentadienyl)(cyclododecylamido)titam^ 
dimethyl, 

dimemylsilyl(tetramemylcyclopentadienyl)(exo-2-norbomylamido) 
titanium dimethyl, 

dimemylsUyl(tetramethylcyclopentadienyl)(cyclohexyl-amido) titanium 
dimethyl, 

dimemylsUyl(teh-amemylcyclopen1^enyl)(l-adamantylamido)titam 
dimethyl, 

dimemyIsilyl(2,5-dimemylcyclopentadenyl)(cyclododecylamido) titanium 
dimethyl, 

dimemylsilyl(2,5-dimethylcyclopentadienyl)(exo-2-norbomylamido) 
titanium dimethyl, 



WO 2004/046214 PCT/US2003/032910 



dimethylsttyl(2,5-dimethylcyclopent^ 
dimethyl, 

dime%lsilyl(2,5-dirae%lcyclopentadienyl)(l-adamantylamido) titanium 
dimethyl, 

dimethylsUyl(3,4-dimethylcyclopent^ 
dime th yl 

dimemylsilyl(3,4-dimethylcyclopentadienyl)(exo-2-norbomylamido) 
titsmum dimethyl, 

dime%Isilyl(3 5 4-dimethyIcyclopentadienyI)(cyclohexylamido) titanium 
dimethyl, 

dimethylsUyl(3,4Kumemylcyclopentadien^ 
dimethyl, 

dimethylsilyl(2-ethyl-5- 

memylcyclopentadienylXcyclododecylamido)titanium dimethyl, 

dimemylsilyl(2^yl-5-melhylcycl^^ 

titanium dimethyl, dimethyIsilyl(2-ethyl-5- 

methylcyclopentadienyl)(cyclohexylamido) titanium dimethyl, 

dimethyIsilyl(2-ethyl-5-methylcyclopentadienyl)(l-adamantyl^ 

titanium dimethyl, 

dimethylsilyl(3-ethyI4- 

methylcyclopentadienylXcyclcdodecylamido)titanium dimethyl, 
(hme%lsayl(3-e%M-memylcyclopen1adienyl)(exo-2-norbomylamido) 
titanium dimethyl, 

dimethylsilyl(3 -ethyl-4-methylcyclopentadienyl)(cy clohexylaraido) titanium 
dimethyl, 

dimemylsUyl(3-e%14-me%lcyclopentadienyl)(l-adamantylamido) 
titanium dimethyl, 

dimethylsilylC2-ethyl-3-hexyl-5-methyl-4- 
octylcyclopentadienyl)(cyclododecylamido) titanium dimethyl, 
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dimdhylsilyl(2^thyl-3-hexyl-5-methyl-4-octyIcyclopentadienyl)(exo-2- 
norbornylamido) titanium dimethyl 
dimethylsilyl(2-ethyl-3-hexyl-5-methyl-4- 
octyicyclopentadienyl)(cyclohexylamido) 
titanium dimethyl, 

dimemyIsilyI(2-emyl-3-hexyI-5-m^ 
adamantylamido) titanium dimethyl, 

dimelhyls%l(2-tetrahydromdenylXcyclododecylamido) titanium dimethyl, 
(iimemylsUyl(2-tetiahyciromdenyl)(cyclohexylamido) titanium dimethyl, 
dimethylsilyl(2-tetrahydromdenyl)(l -adamantylamido) titanium dimethyl, 
and 

dimethylsttyl(2-tetxahydrorad^ 
dimethyl. 

60. The process of claim 55 wherein the second catalyst component comprises 
one or more of the racemic versions of: 
dimethylsilyl (2-methyl-4-phenylindenyI) zirconium dichloride, 
dimethylsilyl (2-methyl-4-phenyIindenyl) zirconium dimethyl, 
dimethylsilyl (2-methyl-4-phenylindenyl) hafnium dichloride, 
dimethylsilyl (2-methyI-4-phenylindenyl) hafnium dimethyl, 
dimethylsilyl bis(indenyl)hafhium dimethyl, 
dimethylsilyl bis(indenyl)hafhium dichloride, 
dimethylsilyl bis(indenyl)ziconium dimethyl, 
dimethylsilyl bis(indenyl)zirconium dichloride, 
the racemic isomers of: 

dimemylsHanediylbis(2-metrjyl)metal dichloride; 
dimethylsilanediylbis(indenyl)metal dichloride; 
dimethylsilanediylbis(indenyl)metal dimethyl; 
mmethylsilanediyIbis(tetrahydroindenyl)metal dichloride; 
dimethylsilanediylbis(tetrahydroindenyl)metal dimethyl; 
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dimethylsxlanediylbis(indenyl)metal diethyl; and 
&benzylsilanediylbis(indenyl)metal dimethyl; 
wherein the metal can be chosen from Zr, Hf, or Ti. 

61 . The process of any of claims 55 to 60 wherein the activator comprises an 
alumoxane. 

62. The process of any of claims 55 to 61 wherein the activator comprises an 
ionizing compound. 

63. The process of any of claims 55 to 62 wherein the activator comprises a 
non-coordinating anion. 

64. The process of any of claims 55 to 60 wherein the activator comprises one 
or more of methylalumoxane, 

trimethylammonium tetraphenylborate, 
triethylammonium tetraphenylborate, 
tripropylammonium tetraphenylborate, 
tri(n-butyl)ammonium tetraphenylborate, 
tri(t-buryl)ammonium tetraphenylborate, 
N,N-dimethylanilinium tetraphenylborate, 
N,N-diethylaniIinium tetraphenylborate, 
N,N-amemyl-(2,4,6-trimethylanilinium) tetraphenylborate, 
trimemylannnoniiimtetrays(pentafiuorophenyl)borate, 
triemylarnmoniumtetrakis(pentafluorophenyl)borate, 
tripropylammonium tetrakis(pentafluorophenyl)borate, 
tri(n-butyl)arrmiomum tefrakis(pem 
tri(sec-bntyl)ammonium tetrakis(pentafluorophenyl) borate, 
N s N-dimemylanilinium tetraMs(pentafluorophenyl) borate, 
N,N-diemyIanilinium tetrakis(pentafluorophenyl) borate, 



WO 2004/046214 



PCT/US2003/032910 



246 

N,N^ime1iiyH2 } 4 ? 6-Mme%laniliniiim)tetrakis(peiitafluoropheuyl) 
borate, trimethylammonium tetrakis-(2 3 3,4,6-tetrafluorophenylborate, 
triethylanunonium tetraids-(2,3,4 } 6-tetrafluorophenyl) borate, 
tripropylanimonium tetrakis-(2,3,4,6-tetrafluorophenyl) borate, 
tri(n-butyl)ammonium tetiakis-(2^ > 4 > 6-tetrafluoro-phenyI) borate, 
dime&yl(t-butyl)ammonium tetrakis-(2,3 5 4,6-tetrafluorophenyl) borate, 
NjN-dimethylanilinium tetrakis-(2 5 3,4,6-tetiafluorophenyl) borate, 
N,N-diethyIaiuliniiimtetrakis-(2,3,4,64etrafluorophenyl) borate, and 
N,N-(lime%l-(2,4,6-trmiemyla^ 
tetrafluorophenyl) borate; 

di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate; 
dicyclohexylammonium tetrakis(pentafluorophenyl) borate; 
triphenylphosphonium tetrakis(pentafluorophenyl) borate; 
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl) borate; and 
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate. 

65 . The process of any of claims 55 to 64 wherein the first catalyst component 
is capable of polymerizing macromonomers having reactive tennini; and 
the second component is capable of producing macromonomers having 
reactive tennini. 

66. The process of any of claims 55 to 65 further comprising diolefin. 

67. The process of any of claims 55 to 65 further comprising one or more C4 
to C40 dienes. 

68. The process of any of claims 55 to 65 further comprising diene selected 
from the group consisting of 1,6-heptadiene, 1,7-octadiene, 1 ,8-nonadiene, 
1,9-decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 
1,13-tetradecadiene, cyclopentadiene, vinylnorbomene, norbornadiene, 
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ethylidene norbornene, divinylbenzene, dicyclopentadiene, polybutadienes 
having an Mw less than 1000 g/mol, or combinations thereof. 

69. The process of any of claims 55 to 65 farther comprising one or more 
dienes selected from the group consisting of 1,6-heptadiene, 1,7-octadiene, 
1,8-nonadiene, 1,9-decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12- 
tridecadiene, 1,13-tetradecadiene, cyclopentadiene, vinylnorbornene, 
norbornadiene, ethylidene norbornene, divinylbenzene, dicyclopentadiene, 
polybutadienes having an Mw less than 1000 g/mol, or combinations 
thereof, 

70. The process of any of claims 55 to 69 wherein the reaction zone is a gas 
phase reactor. 

72 . The process of any of claims 55 to 69 wherein me reaction zone is a 
solution phase reactor. 

73. The process of any of claims 55 to 69 wherein the reaction zone is a slurry 
phase reactor. 

74. The process of any of claims 55 to 69 wherein the reaction zone is a 
solution phase reactor. 

75 . The process of any of claims 55 to 74 where tihe catalysts comprise one or 
more of the following combinations (where Me equals methyl, Ph equals 
phenyl, Et equals ethyl, Cp equals cyclopentadienyl, 3,8-di-t-BuFIu equals 
3,8-di-tert-butylfluorenyl, 2-Me^4-PbInd equals 2-memyM-phenylindenyl, 
2-MeInd equals 2-methylindenyl, c-C^Ha equals cyclododecyl, Me 4 C 5 
equals tetramethylcyclopentadienyl, H,Ind equals tetrahydroindenyl, and 
Ind equals indenyl): 
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(1) MejSiCMe^iXN-c-CjjH^TiC^ and rac-Me 2 Si(2-Me-4- 
PMnd) 2 ZrCI 2 activated with an alumoxane; 

(2) MejSiCMeiCjJCN-c-C^H^TiMei and rac-Me 7 Si(2-Me-4- 
PhInd) 2 ZrMe2 activated with a non-coordinating anion activator, 

(2a) MejSiCMe^jXN-c-CjjHa)™^ and rac-Me^iC-Me-^ 
PhInd) 2 ZrMe 2 activated with N,N-dimethylaniliniiim 
tetraIdsft>entaflourophenyl)boron and or triphenylcarbonhim 
tetrakis(pentaflourophenyl)boron; 

(3) Me^SiCMe^jJCN-c-Cj^TiCl, and rac-M^S^-Melnd^ZrClj 
activated with an alumoxane; 

(4) MejSiCMe^jX^-c-C^H^TiMej and rac-Me 2 Si(2-MeInd) 2 ZrMe 2 
activated with a non-cxwrdinating anion activator; 

(4a) MejSi^CjXN-c-CuH^TiMej and rac-MejSi^-Melnd^rMej 
activated with N,N-diniethylaraliniurn 
tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyl)boron; 

(5) Me 2 Si(Me 4 C 3 )(N-l-adamantyl)TiCl 2 and rac-Me 2 Si(2-Me-4- 
Phtnd) 2 ZrCl 2 activated with an alumoxane; 

(6) M^SiCMeiCOfN-l -adamantyl)TiMe2 and rac-Me 2 Si(2-Me^- 
Phmd^ZrlVfej activated with a non-coordinating anion activator; 

(6a) MejSiCMe^^-l -adamantyl)TiMe 2 and rac-Me 2 Si(2-Me-4- 
Phlnd^rMej activated wimN,N-dimethylanilinium 
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tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetraHs(pentaflourophenyl)boron; 

(7) Me 2 Si(Me 4 C 5 )(N-l-adamantyl)TiCl 2 and rac-Me^-Melnd^ZrClj 
activated with an alumoxane; 

(8) MejSKMe^CN-l-adamantyOTiMej and rac-Me 2 Si(2- 
MeInd) 2 ZrMe 2 activated with a non-coordinating anion activator; 

(8a) Me 2 Si(Me 4 C 5 )(N-l-adamantyl)TiMe 2 and rac-MejSi^- 
MelndJjZrMej activated with NJN-dimethylaniliniurn 
tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyl)boron; 

(9) Me^SiO^eAXN-t-butyOTi^ andrac-Me 2 Si(2-Me-4-PhInd) 2 ZrCl 2 
activated with an alumoxane; 

(10) MeaSiCMe.^f^-t-butyOTiMe, and rac-Me 2 Si(2-Me4- 
PhlndJjZrMej activated with a non-coordinating anion activator; 

(10a) Me 2 Si(Me 4 C 5 )(N-t-butyl)TiMe 2 and rac-Me^-Me^- 
PhInd)2ZrMe 2 activated with N,N-dimethylanilinium 
tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyl)boron; 

(1 1) Me 2 Si(Me 4 C 3 )(N-t-biityl)TiCl 2 and rac-M^Sip-Melnd) activated 
with an alumoxane; 

(12) Me 2 Si(Me 4 Cj)(N-t-butyI)TiMe 2 and rac-MejSi^-MelndJjZrMej 
activated with a non-coordinating anion activator; 
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(12a) Me2Si(Me 4 C 5 )(N-t-butyl)TiMej and rac-Me 2 Si(2-MeInd) 2 ZrMe 2 
activated with N^-4ime1iiylatiilinium 
tetrakis(pentaflourophenyl)boron and or triptenylcarbonhun 
tetrakis(pentaflourophenyI)boron; 

(13) M^Si^CjXN-exo-norbomy^TiClj and ra>M^Si(2-Me-4- 
PhInd) 2 ZrCl 2 activated with an alumoxane; 

(14) Me^Si^CjJCN-exo-norbomyOTiMej and rac-Me^-Me^- 
PhlndJjZrMej activated with a non<;oordinating anion activator; 

(14a) MejSi^e^j^-exo-norbornyOTiMei and rac-MejSi^-Me-^ 
PhInd) 2 ZrMe 2 activated with N^-dimemylanilinium 
tetrakis(pentaflourophenyl)boron and or triphenylcarboninm 
tetrakis(pentaflourophenyl)boron; 

(1 5) Me 2 Si(Me 4 C 5 )(N-exo-norbornyl)TiCl 2 and rac-Me^iC- 
MeInd) 2 ZrCl 2 activated with an alumoxane; 

(1 6) MejSi^QCN-exo-norborny^TiMej and rac-Me^ip- 
MeInd) 2 ZrMe 2 activated with a non-coordinating anion activator; 

(16a) Me 2 Si(Me 4 C J )(N-exo-norbornyl)TiMe 2 and rac-Me^Si^- 
MeInd) 2 ZrMe 2 activated with N,N-dimethylanilinium 
tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyl)boron; 



(17) (p-Et3SiPh) 2 C(Cp)(3,8-di-t-BuFlu)HfCl 2 and rac-Me 2 Si(2-Me-4- 
PhInd) 2 ZrCl 2 activated with an alumoxane; 
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(18) (p-EtaSiPh^CCCpKS^-di-t-BuFlujHfM^ and rac-Me^-MM- 
PhlndJjZrM^ activated with anon-coordinating anion activator; 

(18a) (p-Et 3 SiPh) 2 C(Cp)(3 ) 8-di-t-BuFlu)HfMe 2 and rac-M^Si^-Me-^ 
Phlnd^ZrM&i activated with N 5 N-dimethyIanilinium 
tetratds(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyl)boron; 

(19) (p-EtjSiPh^CCCpXS.S-di-t-BuFl^HfClj and rac-Me 2 Si(2- 
MeInd) 2 ZrCl 2 activated with an alumoxane; 

(20) (p-Et 3 SiPh) 2 C(Cp)(3 J 8-di-t-BuFlu)HfMe 2 and rac-MejSi^- 
MeInd) 2 ZrMe 2 activated with a non-coordinating anion activator; 

(20a) (p-Et 3 SiPh) 2 C(Cp)(3,8-di-t-BuFIu)HfMe 2 and rac-Me 2 Si(2- 
Melnd^ZrMej activated with N.N-dimethylanilinium 
tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyI)boron; 

(21) meso-CH 2 CH 2 (Ind) 2 ZrCl 2 and rac-M^Si^Ind^ZrCl, activated 
with an alumoxane; 

(22) meso-CH^HjOfad^ZrMe^ and rac-MejSitH^Ind^ZrMej activated 
with a non-coordinating anion activator; 



(22a) meso-CH 2 CH 2 (Ind) 2 ZrMe 2 and rac-Me^ifHJnd^ZrMej activated 
with N,N-dimethylani1iniimi tetrakis(pentaflourophenyl)boron and 
or triphenylcarbonium tetrakis(pentailourophenyI)boron; 
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(23) meso-CH 2 CH 2 (Ind) 2 ZrCl 2 and rac-Me 2 Si(2-MeInd) 2 ZrCl 2 activated 
with an alumoxane; 

(24) meso-CH 2 CH 2 (Ind) 2 ZrMe2 and rac-M&jS^-Melnd^M&j 
activated with a non-coordinating anion activator; 

(24a) meso-CH 2 CH 2 (Ind) 2 ZrMe 2 and rac-Me 2 Si(2-MeInd) 2 ZrMe 2 
activated with N,N-dunemylarrilmium 
tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentailourophenyl)boron; 

(25) meso-Me 2 Si(Ihd) 2 ZrCl 2 and rac-Me 2 Si(H 4 Ind) 2 ZrCl 2 activated with 
an alumoxane; 

(26) meso-Me 2 Si(Ind) 2 ZrMe 2 and rac-Me 2 Si(H 4 Ind) 2 ZrMe 2 activated 
with a non-coordinating anion activator; 

(26a) meso-Me 2 Si(Ind) 2 ZrMe 2 and rac-MejSi^Ind^ZrMej activated 
with N,N-dimethylanilinium tetrakis(pentaflourophenyl)boron and 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(27) meso-MejSi^d^ZrC^ and rac-MezSip-Melnd^ZrClj activated 
with an alumoxane; 

(28) meso-MejSiflnd^ZrMe^ and rac-MejSi^-Melnd^ZrMej activated 
with anon-coordinating anion activator; 

(28a) meso-Me 2 Si(Ind) 2 ZrMe 2 and rac-Me 2 Si(2-MeInd) 2 ZrMe 2 activated 
wimN,N-dime1hylamlinium tetrakis(pentaflourophenyl)boron and 
or triphenylcarbonium tetrakis(Dentaflourophenyl)boron; 
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(29) meso-M^Sie-Melnd^ZrCl, and rac-Me 2 Si(2-Me-4-PhInd) 2 ZrCl 2 
activated with an alumoxane; 

(30) meso-Me 2 Si(2-MeInd) 2 ZrMe 2 and rac-Me 2 Si(2-Me-4-PhInd) 2 ZrMe 2 
activated with a non-coordinating anion activator; 

(30a) raeso-Me 2 Si(2-MeInd) 2 ZrMe 2 and rac-MejS^-Me^-Phlnd^Mej 
activated with NJvf-dimethylanilinium 
tetrakis(pentafiourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyl)boron; 

(3 1 ) raeso-Me 2 Si(2-MeInd) 2 ZrCl 2 and rac-Me 2 Si(2-MeInd) 2 ZrCl 2 
activated with an alumoxane; 

(32) meso-MejS^-Melnd^jZrMej and rac-MejS^-Melnd^ZrMei 
activated with a non-coordinating anion activator; 

(32a) meso-MejSi^-Melnd^rMez and rac-Me 2 Si(2-MeInd) 2 ZrMe 2 
activated withN,N-d^ethylanilinium 
tetrakis(pentaflourophenyl)boron and or triphenylcarbonium 
tetrakis(pentaflourophenyl)boron; 

(33) meso-CH 2 CH 2 (2-MeInd) 2 ZrCl 2 and rac-Me 2 Si(2-Me-4- 
PIuiKOjZrClj activated with an alumoxane; 



(34) meso-CH 2 CH 2 (2-MeInd) 2 ZrMe 2 and rac-Me 2 Si(2-Me-4- 

PhlndJaZrMej activated with anon-coordinating anion activator; 



